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EXECUTIVE SUMMARY

With the greatly increased complexity of airport runway and taxiway
configurations and with the expanded variety of visual aids exposed to pilot view
on ajrports, a requirement for enhanced identification of runway exits has
arisen. This need is especially critical for asstisting pilots atrtempting to
locate the normal (other than high-speed) exits at night and during periods of
low visibility.

A prototype enhanced visual taxiway exit identification system was developed and
tested at the FAA Technical Center. The system consisted of a segment of green
lights imbedded within the conventional runway centerline 1lighting system
immediately prior to the exit taxiway location. The configuration was achieved
by merely adding inexpensive "aviation greea" filters to the appropriate
centerline system in-pavement lighting fixtures.

The centerline lighting system serving the principal runway (13/31) at the
Technical Center was modified, by the addition of filters, for evaluation by
Center based air carrier and FAA test pilots. Additional evaluation, using a
visual display of the prototype system programmed for testing under simulated
reduced visibillity weather conditions was also accomplished using the Boeing
727 Flight Simulator at the FAA Aeronautical Center in Oklahoma City.

Results of the developmental/evaluati.mal effort indicated that the system may
be expected to provide enhanced and ¢lfe~tive identification of taxiway exit
locations at minimum cost.
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INTRODUCTION

BACKGROUND.

One of the wnost difficult tasks for a pilot, especially at night and during low
visibility weather conditions, is that of identifying taxiway exits from the
runway immediately after landing. The problem is especially critical at major
airports, where there are numerous exits from each active runway and great
emphasis placed on the need for reducing runway occupancy time. It becomes
essential that pilots be able to identify exits in sufficient time to reduce
their rollout speed to that which will permit vecating the runway as soon as
possible.

Long radius (high speed) exits are provided with a continuous line of green in-
pavement centerline lights from the runway centerline alonpg the entire exit
curve, and thus pose no exit identification problem. At present, however, normal
taxiway exits are identifijed only by double (paired) blue taxiway elevated lights
at the runway edge combined with signs denoting the taxiway designataion. Even
if taxiway green centerline lights are provided on the exit taxiway, they are
not carried out into the runway surface so as to preclude the possibility of
being mistaken for the long radius taxiway exit lighting system. In this respect,
the FAA policy differs from the ICAO Annex 14 standard of providing for use of
green taxiway centerline lighting from the runway centerline into all exits.

Normal short radius exits are therefore c“ten most difficult to distinguish when
identified only with low intensity light: and signs located at the runway edge
where they easily blend into the myriad of other airport lighting systems. This
is especially true when low visibility conditions prevail, and the pilot’'s
attention is directed principally along the runway centerline while attempting
to reduce rollout speed and maintain alignment straipht ahead.

PURPOSE .

The purpose of this effort was to develop an enhanced visual taxiway exit
identification device or system to provide pilots a positive early indication
of normal short radius taxiway exit locations under nighttime and low visibility
conditions.

OLJECTIVE.

This effort was directed specifically toward:

1. Developing a prototype enhanced taxiway exit identification system for
normal exits.

2. Obteining user pilot evaluational opinjon us to the elfectiveness of the
developed system.

3. Determining the practicability of implementing the concept at commercial
air-carrier airports.




DEVELOPHENT METHODOLOGY.

A visual system designed to satisfy the stated puipose must, at the least,
satisfy the following requirements:

. It must provide, if at all possible, intuitive visual guidance information.
In this case the purpose, identification of the taxiway exit location,
should be immediately evident to the user through previous experience with
systems of a similar nature.

1t must be sufficiently unique that there is no possibility of confusion
with another airport lighting system located within the vicinity.

. It must be of such a nature that it can be located within the pilot’s
immediate area of concentration (field of view) so that there 1is no
requirement for visual "searching". This requirement 1is particularly
important if the system is to be used under low visibility, high-stresc
operational situations.

It must be economically and technically practicable so that universal
implementation is feasible.

In many instances, enhanced visual guidance may be provided by some alteration
to, or modification of, an existing system with attendant reduced installation
and maintenance costs. Providing that it does not jeopardize the inteprity and
usefulness of the "parent" system, the added guidance information will be
provided at minimum cost. It was decided that this technique might provide the
most reasonable approach for development of the prototype exit identification
system.

Runway centerline lighting systems are provided on numerous runways at major
airports for use under low-visibility (Category 11 and I11) conditions. Further,
these in-pavement lights constitute the primary source of guidance for pilots
during the rollout maneuver subsequent to landing and during the time when the
pilot is faced with the additional task of identifying the taxiway exit location.
Since the pilot is already concentrating his attention upon this centerline
system, it would seem reasonable that visual exit identification information
might well be added within this area. A color variatjon within the predominately
white (clear) runway centerline display could afford tle necessary warning of
available exit Jocations and, 1f sufficiently bold and distinet, allow the pilot
to make a timely decision as to which exit to use.

Since the color "aviation green” has been standardized for use in taxiway
centerline lighting applications, it would seem to be the most appropriate color
to use in addinp exit location identification information to the runway lighting
system. The only other color found within the runway centerline lighting system
configuration is "aviation red", which is used to decignate the final segment
of the system immediately before the runway end. Wis color is not likely to
be confused witl: a preen segment within the same sy~tem.

Te retain its unique presentation as a continucus line of white lights, the
runway centerline lighting system must not contain extensive segments of
alternative color lights except, of course, for the red "end of runway" warning
segment. Therefore, any pgreen color-coding that might be added must be confined




to short segments only. Fortunately, relatively few green lights within the
system will form a contrasting pattern and this presentation can be readily
identifiable as a guidance signal.

Another ~ttractive feature of the standard runway centerline lighting fixture,
suiting i: admirably for use in this application, is that they are manufactured
with an integral mount for the red filters required to configure the "end of
runway"” warning system segment. Providing grecen lipht segments within the
standard runway system would require only the installation of "aviation green"
filters within existing fixtures.

It was thus concluded that a modification to the standard U.S. runway centerline
lighting system, by adding short green color-coding at normal taxiway exit
locations, showed promise for providing an effective, yet most economical, means
of providing taxiway exit location information to pilots.

TEST METHODLOLOGY.

As is the case with any evaluation of visual guidance systems, the effectiveness
of the prototype system could only be determined by subjecting it to use in the
field or in simulation. Accordingly, the following sequence of testing efforts
was decided upon:

. Phase 1 - Actual taxi evaluation of the system by FAA test pilots and user
ajir-carrier pilots at the Technical Center to "fine tune" system variables
(light spacing, color, segment length, etc.).

. Phase 2 - Additional actual taxi evaluation of the system, with changes
to the coufiguraticn resulting from phase 1 testing, at the Technical
Center by FAA - .ots.

Phase 3 - Further simulator taxi evaluation of the system configuration
using the FAA Boeinp 727 flight simulator at the FAA Aeronautical Center
(OKC). Volunteer air-carrier pilots, FAA test pilots, and FAA Boeing 727
instructors participated as subjects under simulated reduced visibility
weather conditions.

During the conduct of ghases | and 2, FAA subject pilots were briefed beforehand
concerning the purpoee of the evaluatjon, the general confipuration of the system
to be tested, and the operational procedures to be followed. They were also
provided with the standard briefing sheet (figure 1) given to all participating
pilote during these phasee of testing. Immediately following each taxi test
session, the pilots were asked to complete a detailed standard written evaluation
questionnaire (figure 2).

Since some of the phase 1 te:ting was to be accomplished by air-carrier user
pilots evaluating the system as it was observed and utilized during revenue
flights, these subjects were provjded with briefing and evaluation questionnaire
sheets through airline company management channels. The questionnaires were
returned for analysis whenever a significant number lLad been collected.




BRIEFING SHEET

IMPROVED TAXIWAY EXIT IDENTIFICATION

1n order to assist pilots in identifying taxiway exits from the principle runway
13-31 at the Technical Center (ACY) airport, we have modified segments of the
runway centerline lighting system. Sets of either three or five green filters
have been installed within the normally white lights along the runway centerline
at taxiway "A" and "I" intersection exits. The set of five green centerline
lights at "A" taxiway exit will be visible to aircraft la  1g in the runway 31
direction, and the set of three green centerline lights at "I" taxiway exit will
be visible to aircraft landing in the runway 13 direction. 1Ir is hoped that
these modifications will provide a measure of early warning to pilots intending
to use either of these two exit locations. Simple questionnaire forms will be
distributed at a later date after pilots have had sufficient opportunity to use
the color-coded system, so that ACY based pilote will have a chance to express

their opinions as to the usefulness of this concept.

FIGURE 1. SAMPLE STANDARD BRIEFING SHLCET




IMPROVED TAXIWAY EXIT IDENTIFICATION

PILOT QUESTIONNAIRE

Name Date Aircraft Type

Observed Visibility. (Mi) VFR __ or 1IFR

il. Did the green runway centerline lights provide significant acsistance in
positively identifying the exit taxiway location ?
Yes No

Comment s

2. In your opinion, would availability of color-coding such as this reduce the
problem of identifying runway exits in low visibility weather conditions?

Yes No
Comments

3. During the final approach, touchdown, or rollout, could the green runway
centerline lights be misinterpreted a=s another airport lighting system or
ags an aircraft on the runway? Yes No
Comments

4, Which configuratjon of green runway centerline lights did you prefer?

3 lights S5 lights No preference

Comments

THANK YOU!

FIGURE 2. SAMPLE QUESTIOHIALLE




All pilots participating in the phase 3 simulator evaluation of the system were
provided with detailed briefings before each session and completed d.tailéd
questionnaires afterwards.

Piring phase 1 testinpg, FAA test pilots and user air-carrier pilots evaluated
the prototype system while encountering the 1lighting display during runway
rollout after landings at Atlantic City International Airport. For phase 2
testing, FAA test pilots evaluated the system during high speed taxi simulations
of the landing rollout conducted without actual airborne operations.

Aircraft types used by pilots participating in phases 1 and 2 of this evaluation
included the Douglas DC-9 and Convair CV-580.

Pilots participating in phase 3 (simulation tests) were required to conduct
Category I, II, and I1I approaches in the FAA Boeing 727 Flight Simulator to a
landing. They then attempted to identify the indicated exit taxiway during
rollout and completed the turnoff maneuver if possible. Simulated restricted
visibilities of 1/2 mile, 1800-foot Runway Visual Range (RVR), 1200-foot RVR,
and 300- to 400-foot RVR were used. Exit configurations were 90 degrees right,
90+ degrees left, and 90 degrees left.




SYSTEM DESIGN

Reconfiguration of the Technical Center's existing runway centerline lighting
system to display the prototype taxiway exit identification preseuLation was
relatively simple. It involved only the addition of "aviation green" color
filters to sclected in-pavement centerline lighting fixtures to provide the
color-coded exit identification scheme depicted in figure 3. Two slightly
different green segments were emplaced at runway 13/3] taxiway intersection exits
to taxiways "A" and "1I". 1In each instance, the color filters were installed to
form a pgreen segment of centerline lighte commencing prior to the intersectien
and termirating at the taxiway and runway centerline intersection points. The
segment at taxiway "A" consisted of five color-coded green lights on 50-foot
centers for a tocal Jength of 200 feet, while the shorter segment at taxiway "I"
consisted of only three color-coded green lights with a reduced length of 100
feet. The bidirectional centerline lights were only filtered to display the
green signal in one direction, that from which the pilots making the turnoff
would be expected to arrive. Since preen dichroic filters were used, having
a transmissivity of approximately 50 percent, it was realized that some reduction
in light intensity would have to be accepted. 1t turned out that the difference
in intensity between the whi.e (clear) and pgreen lights did not appear to
sign'ficantly affect test results.

As a resilt of pilot comments and suggestions received during the phase |
testirg, the system coufiguration was adjusted somevhat to that depicted in
fipure 4 for subsequent phase 2 and 3 evaluations., A standard system length of
200 feet (iive green lights on 50-foot centers) was adopted. Also, the
termination point for each seguwent was displaced, in the approach direction, so
that each segment ended at the point where the painted yeilow taxiway turnoff
line indicated the beginning of the exit turn.

EVALUATION RESULTS

PHASE 1| TESTINSG.

Air-Carrier Pilot Results. A total of ecight Atlantic City based air-carrier

pilots returned completed questionnaire sheets after having identified and used
the prototype exit identification lighting system during revenue {lights. Six
of the associat=d landings were conducted under Visual Tlight Lule (VFR)
conditions of better than 3-mile visibility, while the remaining two landings
were conductzd under Instrument Tlight Rule {(IFR) conditions of approximately
1/2- and 2-mile visibilities.
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Pilot questionnaire responses are summarized in figure 5 and revealed virtually
a unanimously favorable opinion as to the usefulness and desirability of the
prototype system. Seven pilots expressed a preference for the 5-light
configuration, and the remaining pilot expressed no definite preference.

These particular pilots, being relatively inexperienced in formal evaluation of
airport visual aids, appeared to have been somewhat reluctant to make comments.
Those few comments received, however, were universally favorable and may be
typified with the following:

. “it 1is a good system, being in your limited field of view. It ds
unambipuous, and 1 like it."

. "Adds to identifying exit areas."

. "All runways should be lighted with green lights to help in identifying

the taxiwav (exits)."

FAA Test Pilot Results. A total of fifteen FAA pilots from the Technical Center
Flight Test Branch participated in the phase 1| evaluation and completed post
flight questionnaires. Nine of the simulated rollout and exit maneuvers were
conducted under VFR conditions of better than 3-mile visibility, while the
remainder, a total of six, were conducted under IFR conditions of approximately
1/4- to 3-mile visibilities.

FAA pilot questionnaire responses are suumarized in figure 6 and cshowed an
extremely favorable opinion with regard to the prototype system. Eleven of the
pilots expressed a preference, sometimes strongly, for the 5-light configuration,
and or.ly two favored having only three. Two pilots checked "no preference", but
one cf them indicated that the 3-light grouping might be perceived as only a
"gap" or "outage” in the runwa: centerline lighting array. With regard to the
possibility of misinterpretation or confusjon with other airport lights, only
three out of fifteen pilots expressed concern. One individual felt that there
might be some confusion between the pgreen lights and the red "end-of-runway"
color-coding. The other two pilots did not include any commente as to why, or
for what, they might misinterpret the green signal.

As might be e:pected of evaluation-oriented irdividuals, the FAA Test Pilot group
offered copinus comments on various system characteristics and on the basic
concept itrelf. Thece comments, for the most part not unf{avorable, but suggesting
possible enhancements are provided on page 13. While not necescarily direct
quutes, they reflect the general nature of the originals.
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1.

v IDENTIFICATION

PILOT QUESTIONNAIRE

. Name_Air Carrjer Pilots Date Aircraft Type_DC-9
Observed Visibilicy., (Mi) 1/2 to 5 VFR _6 or IFR _2

Did the green runway centerline lighte provide gipnificapnt assistance in
positively identifying the exit taxiway location ?

Yes_8 = No_ 0

Comments See Text

In your opinion, would avajlability of color-coding such as this reduce the
problem of identifying runway exits in low-visibility weather conditions?
Yes__8 No_0O

Comments See Text

During the final approach, touchdown, or rollout, could the green runway
centerline lighte be miesinterpreted as another airport lighting system or
as an aircraft on the runway?

Yes__0 No__ 8

Comments See Text

Which configuratjon of pgreen runway ~onterline lights did you prefer?
3 lights 0 __ 5 lights 7 No preference 1

Comments See Text

FIGURE 5. PHASE 1| AIR-CARRJIER PILOT RESPONSES




IMPROVED TAXIWAY EXIT 1DENT1FICAT10N

PILOT QUESTIONNAIRE

Name FAA Pilots Date Aircraft Type _Convair S00

Observed Vieibility. (Mi) _1/4 to 10 VFR _9 or IFR _6 .

l.

Did the green runway centerline lights provide sipgnifjcant assistance in
positively identifying the exit taxiwsy location ?

Yes __14 _ No _1 |

Comments See Text

In your opinion, would availability of color-coding such as this reduce the
problem of identifying runway exits in low visibility weather conditions?
Yes__15 No__0

Comments Sece Text

During the final approach, touchdown, or rollout, could the green runway
centerline lights be misinterpreted as another airport lighting system or
as an aircraft on the runway? Yes_ 3 No_ 12

Comments See Text

Which configuration of preen runwny centerline lights did you prefer?
3 lights __2 S lights 11 No preference __ 2

Commment s See Text

THARR_YOU!

FIGURE 6. PHASE 1 FAA TEST PILLOT RESPONSES




The 5-light configuration was seen from 3 NM on the glide slope, positively
identified at 2 NM, but blended in with the r/w centerline lights after
descent below 100 feet AGL prior to touchdown. The green lights reappeared
when about 1,000 foot away during rollout after landing.

1 prefer the S-light over the 3-light system. Also, the turnoff to India
(taxiway) is more than 90 degrees, and probably should have more than a
3-light warning.

With step 4 intensity - green lights are difficult to find when lined up
with the centerline lights.

Unusable at steps 1 and 2, I feel that the 3-light system is unacceptable.
At or above intensity step 3 the green lights helped.

Five, -atiier than three, lights seemed better for initial acquisition.
Also, "last" light's location with respect to the taxiway is important for

judging the turn.

The extra two liphts (of the 5-1light configuration) give you a little extra
space for recognition.

The system is particularly helpful when the runway is wet and yellow
painted taxi lines are hard to identify.

Did not like three lights at all. Must have five lights, with the last
light at the beginning of the turnoff taxjway.

1 suggest positioning the lights so that the last preen light is at the
(beginning ci the) yellow taxi off line.

Would like more than five liphts, and the last light should end at (start
of) turnoff, not at runway/taxiway centerline intersection.

Need to eliminate imbalance in intensity of white and green lights.

1 liked the 5-1ight group, and felt that the 3-light group was too short,
ecpecially for the 120 degree turn from the runvay into taxiway India.




As mentioned previously, and as a result of comments received during phase 1
testing, the prototype system configuration was changed (figure 4) as followsi

1. The S-light configuration was standardized with 50-foot spacing between
green lights for a toral segment length of 200 feet.

2. The entire segment was shifted toward the approach direction so that the
last green light was located at the beginning of the exit curve rather than
et the runway/taxiway centerline intersection.

This modified configuration was retained unchanged for the remainder of the
evaluation (phases 2 and 3).

The pilot questionnajre was modified to eliminate question 4, which dealt with
the subject’s preference for either a 3- or 5-light configuration.

PHASE 2 TESTING.

A total of five FAA pilots from the Technical Center Flight Test Branch
participated in the phase 2 evaluation which was primarily concerned with
validating the improvements to the configuration. The FAA pilots evaluated the
modified system during high-speed taxi simulations of the landing rollout
maneuver conducted without actual airborne approaches. One of the simulated
rollout and exit maneuvers was conducted under VFI conditions of better than 12-
mile visibility, while the remainder, a total of four, were conducted under IFR
conditions of 600- to 800-foot RVR.

Referencing the summarized pilot questionnaire responses (figure 7), it would
appear that the modifications made to the initial system configuration were most
successful in eliminating pilot perceived deficiencies. All five subject pilots
were unanimous 1in expressing favorable opinion as to the usefulness and
desirability of thle system as shown by their responses to questions 1 and 2.
They also indicated that, through responses to question 3, the danger of
confusion and/or misinterpretation of the system presentation was not a
consideration.

Pilot comments, as erpressed on the questionnaire clierte, were npot nearly so
profuse during this plhiase of testing. They may be summarized as follows:

. I liked the positioning of the lights. 1 saw them 1,000 to 1,500 feet out
from (before) the taxiway, and 1 appreciated the last light coinciding with
the turnoff point,




IMPROVED TAXIWAY EXIT IDENTIFICATION
PILOT QUESTIONNAIRE

Name FAA Pilots _ Date Aircraft Type Convair 580

Observed Visibility. (Mi) 600°'RVR to :2 Mi VFR _1_or IFR _4_

1.

Did the green rurway centerline lights provide sipnificant assistance in
positively identifying the exit taxiway location?
Yes S  No _O0

Comments See Text

In your opinion, would availability of color-coding such as this reduce the

problem of identifying runway exits in low-visibility weather conditions?
Yes 5 No _ O

Comments See Text

During the final approach, touchdewn, or rollout, could the green runway
centerline lights be misinterpreted n~ another ajrport lighting system or
as an aircraft on the runway?

Yes 0 Ne __ 5

Comments See Tert

FIGURE 7. PHASE 2 PILOT RESPONSES
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e These lights are too low on touchdown and rollout to be mistaken for
another aircraft, and there is no recognizable pattern to misinterpret on
final.

. Lights were seen clearly before the taxiway turn stripe was seen, giving
adequate warning of impending turn.

. RVR (800 feet) was such that the green coded segment helped significantly
in locating the runway exit.

. Last green light was positioned ideally at the beginning of the yellow
painted turn stripe.

. Much better, maybe a couple ot extra lights would help, but definitely an
improvement from the previous pattern.

. Provides excellent lead-in to taxiway euntrance - turns were certainly
facilitated using this configuration.

. Excellent - position allowed a normal turncff{ from the runway onto the
centerline of the taxiway. Much better than the original runs.

PHASE 3 TESTING.

Since only a small portion of the evaluation conducted during phases 1 and 2 had
been accomplished under actual low visibility weather conditiouns, a decisjon was
made to continue evaluation of the taxiway exit identification system using the
FAA Aeronautical Center Flight Simulator in Oklahoma City. The prototype
configuration, as modified after phase 1 tecting, was programmed into the flight
simulator visual display to identify three separate exit situations (figure 8)
as follows:

. Exit 1 - 90 degree turnoff to the right.
. Exit 2 - greater than 90 degree turnoff to the left.
. Exit 3 - 90 degree turnoff to the left.

Subject pilots were once apajin fully briefed prior to the testing sessions and
required to complete an evaluation questionnaire after ench series of simulator
exercises. The basic questionnaire form was again modified to include two
additional questions concerning the adequacy of the simulator visual depiction
of the preen light segmente and the impact of using the Heads-Up Dirplay (H.U.D)
during approaches in the lowest visibility condition (300-foot RVR).

Each pilot accomplished twelve simulated approaches with subsequent landings,
rollouts on the runway, and attempts to exit at one of the three identified
exits per instructions from the simulator operator. Simulated weather conditions
of 1/2 mile, 1800-foot RVR, 1200-foot RVR, and 300- to 400-foot RVR viesibilitien
were proprammed into the simulator visual display, with all three exit situations
presented to the subject pilots under each visibility condition.

16
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Pilot performance in executing the exit turnoffs in an acceptable manner was
monitored and notations made on a test matrix recording sheet as to whether the
exit was, or was not, successfully accomplished.

A total of eight subject pilots (five FAA test pilots, one airline captain, and
two instructors) participated in this phase of testing.

Reference to the summarized questionnaire response sheet (figure 9) reveals that
these pilots were unanimous in judging the exit identification system to be
effective in providing warning of exit location (questions 1 and 2). They also
indicated that they felt that there should be little or no concern over the
possibility of confusing this green light configuration with other lights or
visual devices on the airport (question 3).

With regard to the adequacy, or realistic appearance, of the green light
simulation (question 4), there is some concern evidenced that the green color
was not portrayed vividly enough and that this may have diminished the
effectiveness of the presentation. The summary of pilot comments speaks to this
issue.

It is apparent that the majority of pilots (five out of seven) felt strongly that
the H.U.D. presentation, or rather the appearance of visual system lights as
viewed through it, leaves something to be desired (question 5). Here again,
pilot comments elaborate on the problem.

As mentioned previourly, pilot performance in succesrfully accomplishing the
three different turnoff situations under varying levels of visibility restriction
was recorded and is presented on the Test Matrix Record Sheet Summary (figure
10).

The objective pilot performance data correlates quite well with the subjective
pilot questionnajre response data, in that only three instances of pilot failure
to successfully identify the exit and execute the turnoff maneuver occurred.
Each of these "failure"” events was encountered at the lovest vigibility conditien
presented to the subject pilots (300-foot RVR).




IMPROVED TAXIWAY EXIT IDENTIFICATION
PILOT QUESTIONNAIRE

Neme_FAA & Carrier Pilots Date ___ Adrcraft Type OKC B-727 Simulator

Observed Visibility. (Mi) 300'RVR to 1/2 Mi VFR or IFR _8
1. Did the green runway centeirline lipghts provide significant assistance in

positively identifying the exit taxiway location ?

Yes 8 No 0
Comments See Text

In your opinion, would availability of color-coding such as this reduce
the problem of identifying runway exits in low-visibility weather
conditions? Yes__8 No_ ©

Comuents See Text

During the final approach, touchdown, or rollocut, could the green runway
centerline liphts be misinterpreted as another airport liguling system or
as an aircraft on the runway? Yes_ 0 No_ 8

Comments See Text

Are the simulated green lights adejuate for testing purposes?
Yes__ 6  No__2

Comments See Text

Did the H.U.D. have any impact on the effectiveoness of the green lights?
Yes_ 5 No_ 2

Comments See Text

FIGURE 9. PHASE 3 PILOT RESPONSES




PILOT PERFORMANCE TEST NMATRIX
PILOT | EXIT 1 2 3 4 ] 6 7 8
VIS. | TYPE
i1/2 | 90 R | YES YES YES YES YES YES YES YES
MILE
1/2 90+L YES YES YES YES YES YES YES YES
MILE
1/2 S0 L | YES YES YES YES YES YES YES YES
MILE
i1800' 90 R YES YES YES YES YES YES YES YES
RVR
1800°' 90+L YES YES YES YES YES YES YES YES
RVR
1800' 90 L YES YES YES YES YES YES YES YES
RVR
1200¢ 90 R YES YES YES YES YES YES YES YES
RVR
1200°¢ 90+L YES 7ES YES YES YES YES YES YES
RVR
1200 90 L YES YES YES YES YES YES YES YES
RVR
300 90 R YES YES NO YES NO NO YES YES
_RVR
300'* 90+L YES YES YES YES YES YES YES YES
RVR
300'x 90 L YES YES YES YES YES YES YES YES
RVR
90 R - 90 Degree Turnoff to the Right
90+L ~ Greater than 90 Degree Turnoff to the Left
90 L ~ 90 Degree Turnoff to the Left
YES - Exit Identified and Turnoff Successful .
NO - Exit Not Identified and No Turnoff Accomplished .
* = 400' RVR Programmed for Pilots 1 and 2 only
FIGURE 10, TEST MATRIX RECORD SHEET SUMMARY
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Since, in this phase of testing, five - the eight subjects were experienced FAA
test pilot evaluators, written questionnaire comments were profuse. As before,
the comments provided below ure not necessarily direct quotations but do retain
the essential content of the origirals:

. The green lights definitely helr, but there will have to be some indication
on an approach plate that the lights are available (i.e., need for pilot
education).

. The color-coding at the end of the runway (all red with green exit lights)
was extremely effective. Even at the lowest visibility the contrasting
colors were apparent for exit guidance. :

. Very effective at higher visibilities, i.e., at 1/2 mile and 1800 RVR, but
effectiveness diminishes gradually with lowering visibility. At 300 RVR,
the painted line was more effec:ive than the green lights.

. The lights were very helpful in giving advance indication of the turnoff.

. No real help at 1/2 mile, but very good from there on in the lower
visibilities,

. Maybe one red light vefore the start of the green lights would be helpful,

for better contrast in low visibiliries.

Of sipnificant assistance down to 1800 RVR but less effective at 1200 and
300 RVR withk H.U.D. use.

. Green light simulation adequate, except for the 300’ RVR condition. It

eppenrs that the step-b selection is not representative of real fog
conditions.

. Green lights very hard to pick out at 300’ RVR while using the H.U.D.

. The green phosphors of the H.U.D. apparently affect the eye's response to
the "quasi-green" exit lights, makirg them virtually undetectable.

DISCUSSION

Results of the three phases of testing are relatively straight forward and lead
reasonably to the reported conclusions. Some ireues, however, surfaced during
the conduct of the development and evaluation ef{fort that deserve ment .on and
possible consideration in the event that the system concept is implemented.

Concern that there was a deficiency in contrast between the green lights of the
exit identification system and the white (clear) lizhte of tne normal runway
centerlire system was expressed on more than one occasion by subject pilots.
There is no doubt that the green filters, even though of a dichroic type witl
a relatively high (50 percent) transmissivity value, reduse the actual intensity
of that portion of the centerline visual presentation and have an adverse e{fect




on the visual acquisition range. On the other hand, and in spite of this
apparent deficiency, the subject pilots almost unanimously judged the system to
be most useful. The problem appears to be relatively minor and may well be
corrected with a selection of more suitable (deeper hue) green filters.

Since the system tested was configured merely by installation of green filtere

in existing runway centerline fixtures, it would appear tc have a somewhat .
limited application only on those Category Il and IIl runways with already .
installed centerline systems. It would, in fact, be most economically emplaced

on such runways, but the concept of green centerline segments for exit
identification might also be applied to runways without centerline lights. Some

caution should be exercised before committing to thie additional sapplication

since a possibility exists that pilots might mistake these isolated green exit

lights for position lights of an aircraft on the runway. Limited testing could
establish whether such confusion should be anticipated.

Retrofitting short segments of green lights, by core drilling for shallow-base
taxiway inset light fixtures and carrying the low voltage secondary power cables
in saw cuts to transformers at the runway edge. should not prove unduly expensive
nor necessitate extensive runway downtime. The prospect of using the green
segments alone, and not in visual competition with a high intensity runway
centerline lighting system, is pacticularly attractive in that the "contrast”
problem mentioned earlier would no longer pertain.

CONCLUS10NS

Based on the results of this evsluation effort, 1t is concluded that:

1. The prototype enhanced taxiway exit identification system for normal exits
was successfully developed and tested.

2. Air-carrier and FAA test pilot evaluational comments and simulator
performance verified that the prototype system, as modified during the course
of testinpg, was highly effective in providing advance identificatjon of taxiway
exit locations under nighttime and reduced viribility conditions.

3. Incorporation of the system concept on runwanys having existing centerline
lighting systems would be extremely economical esince it wonld require only the
installation of inexpensive filters within selected centerline in-pavement
fixtures.

4. 1f a determination that no possibility f{or user pilot confusion exists, the
system could also be implemented on runways not equipped with centerline lights
by instnlling segments of green in-paveme:t lights along the runway centerline
as required.
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